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[57) ~ ABSTRACT

An electrode for an electrochemical cell is formed by
blending an electrochemically active compound with a
conductive material, forming the blend into a plurality
of agglomerates, admixing the agglomerates with a
second conductive material which may be the same as
or different from the first conductive material and com-
pressing the resulting mixture. The method is particu-
larly useful for forming cathodes containing a mercury
compound, since such cathodes have greatly enhanced
abilities to immobilize free mercury during cell dis-
charge. |

8 Claims, No Drawings
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1
METHOD OF FLECTRODE FORMATION

BACKGROUND OF THE INVENTION

In electrochemical cells many of the compounds
useful as the cathode active materials, are nonconduct-
ing. For improved discharge characteristics the non-
conductive active materials are generally admixed with
electrochemically i1nert conductive matertals, and/or

pressed onto an inert conductive grid, or a conductive
metal layer is formed on the surface of the cathode. The

added conductive material, grid or layer is unreactive
with the active cathode material in order to prevent the
self-discharge of the cathode. The increase in conduc-
tivity 1s, however, weighed against the decrease in en-
ergy density brought about by the addltlon of the 1nert
materials to the cathode. -

In many electrochemical cells the added conductwe
material, in addition to increasing electrode conductiv-
ity, performs other functions. For example, in -cells
containing a nonconductive mercury compound as one
of the components of the cathode, silver-{electrochemi-
cally inert to mercury compounds) has been added to
both improved cathode conductivity and also to immo-
bilize the free elemental mercury formed within the cell
during cell discharge. The elemental mercury is a mo-
bile conductive liquid in the cathode and can migrate
from the cathode into other parts of the cell thereby
possibly short circuiting the cell. The silver within the
cathode however immobilizes the llquld mercury by
amalgamating with it. :

In many mercury cells the added materlal has not,
however, been completely successful in immobilizing
all of the mobile mercury produced. Simply adding
more amalgamating materials is undesirable, since such
added materials reduce cell capacity. In addition, silver,
the most commonly used material has become more
costly with increased amounts of added silver thereby
prohibitively increasing the cost of finished cells.

- THE INVENTION

It has now been discovered that useful electrodes for
electrochemical cells can be made by blending an elec-
trochemically active material, such as mercury com-
pounds, with a first conductive material, agglomerating
the blend into a plurality of agglomerates, and then
admixing the agglomerates with a second conductive
material, which may be the same as or different from the
first conductive material. The mixture 1s then com-
pressed into an electrode. The resulting electrode com-
prises a compressed mass of agglomerates with a matrix
of the second conductive material interposed between
the agglomerates. The first and second conductive ma-
terials can be the same or different materials.

The present invention has been found to have particu-
lar utility in the manufacture of electrodes containing a

mercury compound and employing a mercury immobi- |

lizing conductive material. Discharged electrodes made
in accordance with the present invention have been
found to have no, or significantly less, free mercury
than discharged conventional electrodes having similar
quantities of conductive and electrode active materials
which were simply initially uniformly ‘blended together
and conventionally formed into the'electrodes. Further,
it has been found that the first conductive material,
which is blended with the mercury compond and
formed into agglomerates, does not necessarily have to
be capable of immobilizing mercury. As a result, though
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2
the total amount of conductive material remains about
the same, less of the expensive amalgamating material
such as silver is required since only the second conduc-
tive material has amalgamating properties.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

The preferred embodiments of the present invention

relate to cathodes containing mercury compounds. The
cathodes of the present invention are preferably formed

"~ by blending a mercury compound with a conductive
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material. The resultant blend is then agglomerated, by
preferably first slugging or pressing the powder into a
pellet and then forcing the pellet through a screen or
wire mesh. The agglomerates employed in the cathode
of the present invention can be of any desired size, with
preferred agglomerates passing through a screen having

openings one millimeter in width. The agglomerates,

however formed, are admixed with a sufficient quantity
of a second conductive material capable of amalgamat-

ing substantlally all of the mercury formed by the elec-

trode during cell discharge. The conductive material

admixed with the agglomerates can be, but does not
necessarily have to be, the same material initially

blended with the mercury compound to ferm the ag-

glomerates.
Mercury compounds useful in the cathddes of the

‘present invention include all of the mercury compounds

previously used in the cathodes of electrochemical
cells. Such compounds include mercuric oxide (HgO)
(preferably the red form), mercuric chromate

(HgCrOy4), mercuric chloride (HgClz) mercuric per-

manganate (Hg(MNO4)z) MErcuric perlodate (Hgs(1-

0¢)2), mercuric sulfate (HgSO4), mercuric cyanide

(Hg(CN);) and mercuric dioxysulfate (HgSO4.2HgO).

The conductive material which is initially blended
with the mercury compound to form the agglomerates
can be any conductive material that will not react with
the mercury compound. Preferred conductive materials
include carbonaceous materials, such as graphite, and
metals such as silver. Other useful conductive materials

- include noble metals such as gold, platinum and iridium,

either alone or as alloys and intermetallics. The quantity
of conductive material which is blended with the mer-
cury compound to form the agglomerates can vary
from about 0.02 mole to about 1 mole of conductive

material per mole of mercury compound, with the pre-
ferred ratio being from about 0.1 mole to about 0.5 mole
of conductive material per mole of mercury compound.

The conductive material which is admixed with the
agglomerates of blended conductive material and mer-
cury compound can be any conductive material that
will amalgamate with free mercury and will not ad-
versely react with the mercury compound or any of the
other components of the cell. The major criteria for the
selection of a conductive material include the amalgam-
ating ability of the material, its conductivity, and its
inertness to the mercury compound, anode, electrolyte
or other cell constituent when placed into an electro-
chemical cell. The presently preferred conductive amal-
gamating material 1s silver. -

The ratio (expressed in moles) of the second conduc-
tive material admixed with the agglomerates can vary
from about 0.1 mole to about 1 mole of conductive
material per mole of mercury compound in the agglom-
erates. The preferred quantity of the second conductive
material varies from about 0.2 mole to about 0.7 mole
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per mole of mercury compound present in the agglom-
erate. The total ratio of moles of conductive material in
the powder, including that forming part of the agglom-
erates and that admixed with the agglomerates, should
not exceed about two moles of conductive material per 5
mole of mercury compound. Larger quantities of con-
ductive material within the cathode will unnecessarily
reduce cell capacity due to the volume of the non-cath-
ode active conductive material without further benefit.
The preferred ratio of first and second conductive mate- 10
rial present within the powder is about three moles of

the second conductive material (admixed with the ag-
glomerates) per mole of first conductive material
(within the agglomerates).

The mixture of agglomerates and conductive material
can thereafter be conventionally formed into a cathode,
for use in an electrochemical cell, such as by compress-
ing a measured portion of the mixture into a pellet with
or without added lubricants such as polytetrafluoroeth-
ylene. Other methods of forming cathodes are well
known in the art, and will depend generally upon the
desired cell configuration or utilization purposes.

Cathodes containing mercury compounds can be
used in electrochemical cells having either aqueous or
nonaqueous electrolytes and can be used with most
anode materials. A conventional separator similar to
that used with other electrochemical cells can also be
incorporated into the cell employing the cathode of the
present invention.

Nonaqueous electrolytes useful with the cathodes of 30
the present invention include those generally used with
active light metal anodes. Commonly used nonaqueous
electrolytes include one or more conventional organic
solvents having dissolved therein at least one solvent-
soluble ionic salt of a light metal anode. Examples of 35
organic solvents include, among others, tetrahydrofu-
ran, N-nitrosodimethylamine, dimethyl sulfoxide, di-
methyl sulfite, propylene carbonate, gamma-butyrolac-
tone, dimethyl carbonate, dimethoxyethane, acetoni-
trile and dimethyl formamide. The conductive electro-
lyte solvent-soluble ionic salt can consist of the salt of
the anode metal with such anions as ClQO4—, AsFg—,
PF¢—, BF4—, SbFg—, AICly—, Cl—, Br—, and I— anions.
Anodes useful with the nonagueous electrolyte can be
selected from the active light metal anode metals, exam- 45
ples of which include lithium, sodium, potassium, cal-
cium, beryllium, magnesium, and aluminum.

Aqueous electrolyte useful with the cathodes of the
present invention can be either alkaline or acidic. The
preferred electrolyte is alkaline, and comprises an aque-
ous solution of potassium or sodium hydroxide. Other
aqueous electrolytes useful with mercury compounds
containing cathodes are well known to those skilled in
the art.

Anode electrodes suitable for use with mercury com-
pound containing cathodes and aqueous electrolyte
solutions include all metals having a lower electromo-
tive potential than the mercury compound being used.
Such anode materials include most metals, such as zinc,
cadmium, aluminum, iron, lead, magnesium, and nickel.

The herein disclosed invention will be better under-
stood from the following Examples. Unless otherwise

indicated all parts are parts by weight.

EXAMPLE 1

A mixture for use in a cathode of an electrochemical
cell is formed by uniformly blending 80 parts of red
mercuric oxide (HgQO) powder with 5 parts of silver
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powder. The resulting blend 1s agglomerated by com-
pressing the mixture into a pellet and then forcing the
pellet through an 18 mesh screen which has one milli-
meter wide openings. This process produces agglomer-
ates generally smaller than one millimeter. The agglom-
erates are then thoroughly admixed with 15 parts of
silver and with 0.5 part of polytetrafluoroethylene. The
resulting mixture is formed into a cathode by placing
about 0.5 gram of the mixture into a press and compress-
ing 1t into a pellet utilizing several kilograms per square
centimeter of pressure. The polytetrafluoroethylene

acts as a lubricant during the formation of the cathode.
The formed cathode is placed into a cell can along
with a cellulose separator, about 0.06 gram of an elec-

trolyte solution consisting of about 30 percent potas-
sium hydroxide by weight and an anode pellet. The
anode pellet comprising about 0.12 gram of amalgam-
ated zinc of which 10 percent by weight is mercury.
The cell 1s then conventionally closed using an insula-
tive grommet and a top. After cell discharge substan-
tially no free mercury is found in the cathode or other
portions of the cell.

Some previously employed cathodes, even though
containing similar percentages of materials, were not
able to 1mmobilize all free mercury produced during
cell discharge, as the cathode formed by the present
invention is able to do.

EXAMPLE 2

One hundred (100) parts of a mixture for use In a
cathode of an electrochemical cell is formed by uni-
formly blending 84 parts of red mercuric oxide powder
(HgO) with 0.5 part of carbon powder. The resulting
blend is agglomerated by compressing the mixture into
a pellet and then pressing the pellet through an 18 mesh
screen. The agglomerates are then thoroughly mixed
with 15 parts of silver and with 0.5 part of polytetrafluo-
roethylene. The resulting mixture is formed into a cath-
ode and incorporated into an electrochemical cell as in
Example 1.

After cell discharge no free mercury is found in the
cathode or other portions of the cell. The cathode of
Example 2 is as effective as that of Example 1 in immo-
bilizing elemental mercury even though it contains
twenty-five percent less silver and is therefore pre-
ferred. This embodiment of the present invention pro-
duces a savings in material costs by replacing expensive
silver by cheaper carbon without a loss of effectiveness.

EXAMPLES 3-9

Mixtures for use in a cathode of an electrochemical
cell are formed as in Example 2 except that the mercuric
oxide is replaced by mercuric chromate (HgCrOg),
mercuric chloride (HgCl;), mercuric permanganate
(Hg(MnOys)2), mercuric periodate (Hgs(10¢)2), mercu-
ric sulfate (HgS80Oy4), mercuric cyanide (Hg(CN)2) and
mercuric dioxysulfate (HgS04.2HgO) respectively.
The mixture is formed into a cathode and incorporated
into an electrochemical cell as in Example 2. On dis-
charge substantially no free mercury is found in the
cells.

Although the preferred embodiments of the present
invention and examples are described in terms of cath-
odes containing a mercury compound, other electrodes
formed by the herein described method and containing
other nonconducting active materials are also within
the scope of the present invention. It is also understood
that changes and variations in the above disclosure and
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examples can be made without departing from the spirit
and scope of the present invention as defined in the
followmg claims.

What is claimed is:

1. A method of formmg an electrode for an electro-
chemical cell comprising the steps of blending an elec-
trochemically active compound with a first conductive
material, forming the blend into a plurality of agglomer-
ates, admixing the agglomerates with additional con-
ductive material, and compressmg the resultmg mix-
ture.

2. The method of claim 1 wherem the first and addl-
tional conductive materials are the same.

3. The method of claim 1 wherein the electrochemi-
cally active compound comprises a mercury compound
and wherein the additional conductive material i1s capa-
ble of and present in sufficient quantity to amalgamate
with substantially all of the mercury producible by the
electrode during cell discharge.

4. The method of claim 3 wherein the ratio of moles
of first conductive maternial per mole of mercury com-
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pound 1s from about 0.1 to about 0.5, the ratio of moles

‘of additional conductive material per mole of mercury

compound is from about 0.2 to about 0.7 and wherein
the agglomerates can pass through a screen having 1
millimeter wide openings. |

3. The method of claim 1 wherein the first conductive
material is selected from the group consisting of silver
and carbonaceous materials.

6. The method of claim 1 wherein the additional
conductive material is silver.

7. The method of claim 3 wherein the mercury com-
pound 1s selected from the group consisting of red mer-
curic oxide (HgO), mercuric chromate (HgCrQ4), mer-
curic penodate (Hgs(10¢)2), mercuric chloride (HgCly),
mercuric permanganate (Hg(MnQOy)3), mercuric sulfate
(HgSO4), mercuric cyanide (Hg(CN)z) and mercuric
dioxysulfate (HgS04.2HgO). |

8. The method of claim 7 wherein the mercury com-

pound comprises red mercuric oxide.
* %X % % ¥
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